Searching PAJ 



1/2 ^— v 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 07-153613 
(43)Date of publication of application : 16.06.1995 



(5 Dint CI. 



H01F 1/153 
B22F 3/00 
C22C 38/00 
C22C 38/16 
H01F 3/04 
H01F 17/06 



(21 Application number : 05-296951 
(22)Date of filing: 26.11.1993 



(71) Applicant : HITACHI METALS LTD 

(72) Inventor : YOSHIZAWA KATSUTO 

BIZEN YOSHIO 
ARAKAWA SHUNSUKE 



-WW**' 



(54) CORE FOR CHOKE COIL AND NONLINEAR CHOKE COIL 

(57)Abstract: 

PURPOSE: To obtain a nonlinear choke coil having 
superior nonlinear characteristics and a temperature 
stability by a method wherein the nonlinear choke coil 
consists of a core formed by constituting integrally a 
nanocrystal high-magnetic permeability closed magnetic 
circuit core, a nanocrystal alloy core and a gapped core 
or a gapped dust core. 

CONSTITUTION: A core for choke coil consists of a 
core formed by constituting integrally a nanocrystal 
high-magnetic permeability closed magnetic circuit core, 
a nanocrystal alloy core and a gapped core or a gapped 
dust core. The nanocrystal alloy core is an alloy core 
containing Fe as its main component and the 
composition of the core for choke coil is constituted in 
the compositional ratio of at least one kind of an 
element selected from between Cu and Cu to at least 
one kind of an element selected from among Ti, Zr, Hf, 
V, Nb, Ta, Mo, and W to Si to B = a content of 0.1 at% or 
higher to 3at% of lower to a content of 1at% or higher to 
7at% or lower to a content of 10at% or higher to 17at% or lower to a content of 4at% or higher to 
10at% or lower and a nonlinear choke coil is formed by winding at least one conductor wire on 
this core. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The core for choke coils characterized by unifying the core or the dust core in which 
gaps other than a nano crystal quantity permeability closed magnetic circuit core and a nano 
crystal alloy core were formed. 

[Claim 2] Are the alloy which makes Fe a subject and the content of at least one sort of 
elements with which a nano crystal alloy is chosen from Cu and Au Less than [ more than 0.1 at% 
3at% ], The content of at least a kind of element chosen from Ti, Zr, Hf, V, Nb, Ta, Mo, and W 
Less than [ more than 1at%7at% ], The core for choke coils according to claim 1 characterized by 
for the content of Si being less than [ more than 10at%17at% ], and B content being the 
presentation not more than more than 4at%10at%. 

[Claim 3] Are the alloy which makes Fe a subject and the content of at least one sort of 
elements with which a nano crystal alloy is chosen from Cu and Au Less than [ more than 0at% 
3at% ], The content of at least a kind of element chosen from Ti f Zr, Hf, V, Nb, Ta, Mo, and W 
Less than [ more than 2at%10at% ], The core for choke coils according to claim 1 characterized 
by for the content of Si being less than [ more than 0at%10at% ], and B content being the 
presentation not more than more than 2at%10at%. 

[Claim 4] The nonlinear choke coil characterized by winding at least one lead wire around a core 
according to claim 1 to 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the core for choke coils and nonlinear choke coil 
which have the nonlinear characteristic used for the output side smoothing circuit of switching 
power supply etc. 
[0002] 

[Description of the Prior Art] The choke coil using the ferrite core which formed the gap as a 
choke coil used for smoothing circuits, such as switching power supply, the silicon steel core in 
which the gap was formed, Fe radical amorphous core in which the gap was formed, Fe radical 
amorphous core of a no gap, Fe dust core, a Fe-aluminum-Si alloy dust core, etc. is used. 
However, the choke coil using a ferrite core needs to perform enlarging the configuration of a 
core which enlarges a gap and increases the number of coils etc., in order to tend to saturate a 
core and to demonstrate sufficient effectiveness. Increasing the number of coils leads to the 
increment in copper loss, and the problem to which a coil generates heat and a temperature rise 
becomes intense produces it. On the other hand, if the configuration of a choke coil is enlarged, 
it will become disadvantageous in respect of the miniaturization of the whole circuit with a 
natural thing. 

[0003] Since the choke coil using a silicon steel core has the large core loss in high frequency, it 
has the problem from which a temperature rise can seldom raise a switching frequency violently. 
Although it is necessary to carry out the resin mold of the core in the choke coil using Fe radical 
amorphous core in which the gap was formed in case a core is omitted in order to form a gap, 
since the magnetostriction of an ingredient is large, core loss increases remarkably, or there is a 
problem of the noise by magnetostriction vibration. When Fe radical amorphous core of a no gap 
is used, since resonance by magnetostriction vibration arises, actuation becomes unstable with a 
frequency, or there is a problem of the noise by magnetostriction vibration depending on a 
frequency band. Although Fe dust core is cheap, permeability is as low as less than 100, a large 
problem also has core loss and it cannot miniaturize a choke coil so much, either. Although 
excelled in [ the choke coil which used the Fe-aluminum-Si alloy dust core / thing / using Fe 
dust core ] property, it has the same problem in respect of the miniaturization. As mentioned 
above, the choke coil used for the conventional smoothing circuit has the trouble, respectively, 
gets down, and cannot necessarily be said to be sufficient property. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, since it will become difficult in the output 
side smoothing circuit of switching power supply to acquire a constant voltage if it becomes 
below critical current, resistance is put in or the nonlinear choke coil (swinging choke coil) in 
which a high inductance is shown where low current is overlapped is used for an output circuit 
by juxtaposition. Moreover, the choke of the choke coil used for an active filter in which a 
nonlinear characteristic is shown is also more desirable. As an approach of acquiring such a 
property with a choke coil, a wedge-like gap is put in and the approach which saturation cuts 
partially is learned. However, by this approach, there is a problem from which it becomes difficult 
to adjust a gap with the problem of a cost rise or a sufficient precision. Moreover, the choke coil 
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of a different gap is made into series, or there is the approach of performing a coil to the core of 
a different gap at coincidence, and producing a choke coil. In addition, what compounded the 
nano crystal alloy core which formed the gap of a publication in JP,1 -169905 A and the high 
permeability core which does not have a gap is known. However, in the nonlinear choke coil 
which compounded the core or the dust core in which the gap was formed, and high permeability 
cores, such as an amorphous alloy, since it is easy to magnetize a high permeability core rather 
than the nano crystal alloy core in which the gap was formed, the rate of core loss of a quantity 
permeability core is large, and when Fe radical amorphous alloy core etc. is used, there is a 
problem to which a temperature rise becomes large. When Co radical amorphous alloy is used as 
a high permeability closed magnetic circuit core, and it is used in the environment where aging is 
large and where ambient temperature is high, there is a problem on which a property 
deteriorates. 

[0005] Moreover, what used the conventional ferrite as a high permeability closed magnetic 
circuit core has the large temperature change of the magnetic properties of a ferrite, and has 
the problem which is inferior in the temperature characteristic of a choke coil. 
[0006] 

[Means for Solving the Problem] Since it becomes this invention persons show the nonlinear 
characteristic in which the field by the side of the low direct-current superposition especially 
the choke coil that consisted of a core which unified the nano crystal quantity permeability 
closed magnetic circuit core, the core in_which the gap was formed, or the dust core, and wound 
at least one lead wire indicates a high inductance to be was widely excellent, and small [ the 
temperature rise by iron loss ] as a result of wholeheartedly examination in order to solve the 
above-mentioned trouble, it found out that it is suitable as a choke coil, and it hit on an idea to 
this invention. 

[0007] This invention is a core for choke coils which shows the nonlinear characteristic which 
unified the nano crystal quantity permeability closed magnetic circuit core which does not have a 
gap, the nano crystal quantity permeability closed magnetic circuit core which does not have 
unification or a gap for the core in which gaps other than a nano crystal alloy core were formed, 
and the dust core. The mimetic diagram of the direct-current superposition property which 
coiled lead wire and measured the example of the structure of the core for this invention choke 
coils to drawing 1 (a), (b), (c), (d), and (e) is shown in drawing 2 . Another this invention is the 
nonlinear choke coil which wound at least one lead wire around said core. Since it has the 
nonlinear characteristic from which an inductance changes to two steps to superimposed 
current as shown in drawing 2 and a high inductance is obtained in the field where a current is 
small, this choke coil can realize a stable property over the small and large output range. If it 
thinks in the property of a core, this will be expressed as relation between increment relative 
permeability mu** and the direct-current superposition field HDC. If inductances L are number 
of turns and effective-sectional-area regularity, they are proportional to increment relative 
permeability mu**, and direct-current superimposed current IDC and the direct-current 
superposition field HDC are in proportionality. The nano crystal alloy concerning this invention 
can mention the alloy of a publication to JP,4-4393,B or JP,1-242755,A. As for these alloys, at 
least 50% of an organization consists of an alloy of a detailed particle size not more than 
particle-size 100nm. 50nm or less of desirable diameters of crystal grain is 30nm or less 
especially preferably. Although the remainder mainly consists of an amorphous phase, it may be 
100% crystal substantially. Although the board thickness of the shape of a ribbon produced with 
super-quenching methods, such as the single rolling method, uses a 1 to about 40 micrometers 
thing, the nano crystal alloy spent on a core has the desirable thing of 1 to about 25 
micrometers board thickness, when especially loss needs to be lowered. The thing of 1 to 15 
micrometers board thickness is more preferably desirable. 

[0008] Especially the nano crystal alloy concerning this invention is an alloy which makes Fe a 
subject. The content of at least one sort of elements chosen from Cu and Au Less than [ more 
than 0.1at%3at% ], The content of at least a kind of element chosen from Ti, Zr, Hf, V, Nb, Ta, Mo, 
and W can suppress a temperature rise low, especially when the content of less than [ more than 
1at%5at% ] and Si is [ less than / more than 10at%17at% / and B content ] the presentations not 
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more than more than 4at%10at%. Are the alloy which makes Fe a subject and the content of at 
least one sort of elements with which a nano crystal alloy is chosen from Cu and Au Moreover, 
less than [ more than 0at%3at% 1 The content of at least a kind of element chosen from Ti, Zr, 
Hf, V, Nb, Ta, Mo, and W Less than [ more than 2at%10at% ], Since the content of Si can expand 
the field where less than [ more than 0at%10at% ] and B content show a high inductance when it 
is the alloy of a presentation and an input current is [ not more than more than 2at%10at% ] 
small, the property which was excellent especially as a choke coil is shown. As for the 
magnetostriction of the core ingredient concerning this invention, about 0 or a forward ingredient 
is suitable. Although core loss is low and a temperature rise is the lowest when magnetostriction 
is zero, in a forward case, it becomes loose [ the method of the reduction to the superimposed 
current of an inductance ]. 

[0009] As the nano crystal alloy closed magnetic circuit core which constitutes the core for this 
invention choke coils, and a core to combine, there are Fe radical amorphous core in which the 
gap was formed, the nano crystal alloy core in which the gap was formed, the ferrite core in 
which the gap was formed, a Fe-aluminum-Si dust core. Mo permalloy dust core, Fe dust core, a 
Fe-Si dust core, a nano crystal dust core, etc. Moreover, in order to unify, it is usually necessary 
to put the cores constituted into KOAKE-SU made from resin or a ceramic or, in order that 
resin coating **** may carry out the coil of the perimeter, when using a bobbin, they do not 
necessarily have to insert a core in a case, or they do not have to carry out resin coating. 
Moreover, the cores to combine do not need to be completely pasted up, although it is fixed so 
that it may not usually move, and it may not move by adhesion or the case, a band, etc. to each 
other. Moreover, resin sinking in of each core may be carried out if needed. 
[0010] 

[Example] Although this invention is explained according to an example below, this invention is 
not limited to these. 

(Example 1) Si quenched [ Cu / B ] the alloy molten metal which is Fe on the remainder real 
target 6.5% 15.5% 2.5% 1% by atomic %, and Nb produced the amorphous alloy thin band with a 
width of face [ of 12.5mm ], and a thickness of 10 micrometers. Next, winding and a toroidal core 
were produced for this alloy thin band in the outer diameter of 33mm, and bore of 20mm. This 
core was heat-treated by 550-degreeC in an argon ambient atmosphere for 1 hour. It was 
checked that 50% or more is the nano crystal alloy which consists of a bccFe phase with a 
detailed organization as a result of organization observation according [ the alloy after heat 
treatment] to an X diffraction and a transmission electron microscope. Moreover, when 
magnetostriction was measured, it was checked that it is 1x10 to less than six, and is very low 
magnetostriction. 

[0011] Next, the structure which combines this core, and Fe radical amorphous core and Mo 
permalloy dust core in which the gap was formed, and is shown in drawing 1 (a) and (b) was 
pasted in piles, it put into the case made of phenol resin, the coil of 50 turns was given, and the 
choke coil of this invention was produced. The direct-current superposition property in 10kHz is 
shown in drawing 3 . The direct-current superposition property at the time of unifying Fe radical 
amorphous core in which the choke coil and ferrite which benefit a comparison from Mo 
permalloy dust core, and the gap were formed is also shown, this invention choke coil shows the 
nonlinear characteristic, and is suitable for the secondary smooth choke of switching power 
supply. Furthermore, an improvement of the inductance by the side of low current is especially 
more remarkable than the choke coil of the same type which used the ferrite as a high 
permeability core. 

[0012] Next, it actually included in the smoothing circuit of switching power supply, and the 
temperature rise was measured. The nonlinear choke coil which used the ferrite core as a high 
permeability core to this invention choke coil being 38-degreeC from 32-degreeC is 43-degreeC, 
and this invention choke coil of a temperature rise is [ a choke coil ] smaller. 
[0013] (Example 2) The nano crystal alloy core of the presentation shown in Table 1 was 
produced by the same approach as an example 1, it compounded with the core of other quality 
of the materials, the core of the structure shown in drawing 1 (a), (b), and (c) was produced, and 
the HORUMARU line was wound. The direct-current superposition property was measured. The 
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direct-current superposition property with every nonlinear choke coil was shown. Next, it 
actually included in the smoothing circuit of switching power supply, and temperature rise **T 
was measured. The obtained result is shown in Table 1. Temperature rise **T is smaller [ than 
the conventional nonlinear choke coil ] excellent in the direction of this invention choke coil. 
[0014] 

[Table 1] 
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[0015] (Example 3) The nano crystal alloy core of the presentation shown in Table 2 was 
produced by the same approach as an example 1, it compounded with the core of other quality 
of the materials, the core of the structure shown in drawing 1 (a), (b), and (c) was produced, and 
the direct-current superposition property of winding, 25-degreeC, and 120-degreeC was 
measured for the HORUMARU line. Increment relative permeability [ in / for 25 degreeC, the 
frequency of 10kHz, and the increment relative permeability in superposition field 4 A/m / 
mu**1 (25), 120 degreeC, the frequency of 10kHz, and superposition field 4 A/m ] was 
expressed as mu**1 (120), and the temperature coefficient was defined as alpha=(mu**1 (25) - 
mu**1 (120)) x100/mu**1 (25). The obtained result is shown in Table 2. The direct-current 
superposition property with every nonlinear choke coil was shown. The temperature coefficient 
alpha is smaller [ than the conventional nonlinear choke coil ] excellent in the direction of this 
invention choke coil. 
[0016] 
[Table 2] 
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[0017] 

[Effect of the Invention] According to this invention, when a current is small, a high inductance is 
shown, a temperature rise is small, and since the core for choke coils and a nonlinear choke coil 
excellent also in temperature stability are realizable, a remarkable thing has the effectiveness. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing 1] Drawing having shown the example of the structure of the core for choke coils 
concerning this invention 

[Drawing 2] Drawing having shown typically an example of the direct-current superposition 
property of a nonlinear choke coil 

[Drawing 3] It is drawing having shown the example of the direct-current superposition property 
of the core for this invention choke coils. 
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